The methylene analogue of 3-phospho-D-glycerate, 2-hydroxy4phosphono-DL-butyric acid, is a substrate for phosphoglycerate kinase. The pKa values for the final dissociation of the natural substrate and its methylene isostere are 6.20 and 7.45 respectively. The kinetic parameters Km and kcat. for the enzyme-catalysed reaction were determined at pH 6.9 and 8.5 by using low substrate concentrations. 
have concluded that the enzyme exhibits absolute specificity for the phosphate acceptor, 3-phosphoglycerate, in the back reaction. This specificity does not extend to the phosphate donor, ATP, in the site for which a number ofnucleotides such as ITP, GTP and to a lesser extent dATP and dGTP are tolerated (Krietsch & Bucher, 1970) . It has been found, however, that 2-hydroxy-4-phosphono-DL-butyric acid, the methylene analogue of 3-phosphoglycerate, is a substrate for phosphoglycerate kinase (Dixon & Sparkes, 1974 (Horecker & Kornberg, 1948) .
2-Hydroxy-4-phosphono-DL-butyric acid. The bis-(monocyclohexylammonium) salt was a kind gift from Dr. H. B. F. Dixon (Department of Biochemistry, University of Cambridge) and was prepared as described in the preceding paper (Dixon & Sparkes, 1974) . The concentration of the D-enantiomer was determined by the same procedure as described for 3-phospho-D-glycerate.
Buffers. These were prepared from analytical-grade reagents and twice-distilled deionized water. (Dowd & Riggs, 1965) . These plots have been used instead of the more common Lineweaver-Burk method, since the latter tends to suppress any deviations from linearity, especially at low [SO] values. The plots of vo versus vo/[SO] are clearly non-linear (see, e.g., Fig. 1 ). Non-linear double-reciprocal plots have also been observed for phosphoglycerate kinase-catalysed reactions by LarssonRaznikiewicz (1967) , Krietsch & Bucher (1970) and Dr. R. Scopes (personal communication) . It has been suggested that the activation by excess of substrate evident from Fig. 1 may be aconsequence ofphosphoglycerate kinase containing multiple binding sites for each substrate (Larsson-Raznikiewicz, 1967) . Whatever the reason, however, we take the view that the kinetic parameters determined at low substrate concentrations are less likely to be perturbed by nonproductive or non-competitive factors, and the values quoted in Table 1 The results in Table 1 show that the replacement of the oxygen atom of the C-O-P linkage of 3-phosphoglycerate by a methylene group has little effect on the absolute values or the ratios of the kca,.t values at pH8.5 and 6.9. The ratio of the Km values, however, shows a dramatic increase at the lower pH. Although Km is, of course, a complex function, for present purposes it is considered as some measure of substrate binding to the enzyme. As the Km value for 3-phosphoglycerate and its methylene isostere are of the same order of magnitude at pH8.5, where both substrates are essentially fully deprotonated, it appears that the It should be noted that the use of racemic 2-hydroxy-4-phosphono-DL-butyrate may affect both K. and kca,. ifthe non-productive (L) enantiomer also binds to the enzyme (see, e.g., Huang & Niemann, 1951) . However, in the present case we are comparing the relative magnitudes ofthe steady-state parameters at two pH values, and the absolute magnitudes of these parameters are not at issue.
The accompanying papers deal with methylene isosteres of phosphate ester intermediates of the glycolytic pathway (Dixon & Sparkes, 1974; Stribling, 1974; Adams et al., 1974) . Although the phosphonate analogue of dihydroxyacetone phosphate is not a substrate for triose phosphate isomerase (EC 5.3.1.1) (Dixon & Sparkes, 1974) , it is a substrate for aldolase (EC 4.1.2.13) and for glycerol-3-phosphate dehydrogenase (EC 1.1.1.8) (Stribling, 1974) . From Stribling's (1974) results it may be suggested that, in contrast with phosphoglycerate kinase, neither aldolase nor the dehydrogenase requires a dianionic group in the C-3 position of the substrate for effective binding (though the monoanionic methyl phosphonate analogue of glycerol phosphate is not a substrate for the dehydrogenase; Adams et al., 1974) . More generally, the present results point to the possibility of exploiting the significant difference in the pKa values of phosphates and phosphonates in investigations of enzyme-substrate interaction.
